By Changing Dimensionality, Sequential Culturing of Midbrain Cells, rather than Two-Dimensional Culture, Generates a Neuron-Glia Ratio Closer to in vivo Adult Midbrain.
The neuron-glia ratio is of prime importance for maintaining the physiological homeostasis of neuronal and glial cells, and especially crucial for dopaminergic neurons because a reduction in glial density has been reported in postmortem reports of brains affected by Parkinson's disease. We thus aimed at developing an in vitro midbrain culture which would replicate a similar neuron-glia ratio to that in in vivo adult midbrain while containing a similar number of dopaminergic neurons. A sequential culture technique was adopted to achieve this. Neural progenitors (NPs) were generated by the hanging-drop method and propagated as 3D neurospheres followed by the derivation of outgrowth from these neurospheres on a chosen extracellular matrix. The highest proliferation was observed in neurospheres from day in vitro (DIV) 5 through MTT and FACS analysis of Ki67 expression. FACS analysis using annexin/propidium iodide showed an increase in the apoptotic population from DIV 8. DIV 5 neurospheres were therefore selected for deriving the differentiated outgrowth of midbrain on a poly-L-lysine-coated surface. Quantitative RT-PCR showed comparable gene expressions of the mature neuronal marker β-tubulin III, glial marker GFAP and dopaminergic marker tyrosine hydroxylase (TH) as compared to in vivo adult rat midbrain. The FACS analysis showed a similar neuron-glia ratio obtained by the sequential culture in comparison to adult rat midbrain. The yield of β-tubulin III and TH was distinctly higher in the sequential culture in comparison to 2D culture, which showed a higher yield of GFAP immunopositive cells. Functional characterization indicated that both the constitutive and inducible (KCl and ATP) release of dopamine was distinctly higher in the sequential culture than the 2D culture. Thus, the sequential culture technique succeeded in the initial enrichment of NPs in 3D neurospheres, which in turn resulted in an optimal attainment of the neuron-glia ratio on outgrowth culture from these neurospheres.